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© Parallel transmission method. 



© A parallel transmission method is disclosed, 
which comprises a submethod of transmitting portion 
for transmitting parallel data of a plurality of channels 
as encoded data of a plurality of lines and a sub- 
method of receiving portion for decoding parallel 
data of a plurality of lines from encoded data of the 
plurality of channels, the submethod of transmitting 
portion comprising the steps of multiplying the fre- 
quency of a clock by a predetermined number so as 
to generate a multiplexing clock, separating input 
signals composed of parallel data of a plurality of 
channels and additional data for code transformation 
into a plurality of groups, transforming parallel data 
into serial data with the multiplexing clock, mutually 
substituting the resultant data of the plurality of 
channels from time to time, and generating encoded 



data containing the additional data of the plurality of 
lines, and the submethod of receiving portion com- 
prising the steps of, synchronizing encoded data of 
the plurality of lines with the additional data, sub- 
stituting the resultant data of the plurality of lines in 
the inverse order of the transmitting portion, remov- 
ing the additional data from the resultant data, suc- 
cessively arranging the resultant data of each group, 
dividing the frequency of a transmission clock by a 
predetermined number so as to generate an original 
clock, and transforming serial data of each group 
into parallel data. 

Thus, with p : 1 parallel-serial transforming cir- 
cuits, parallel data transmission with parallel degree 
of p x q - 1 can be accomplished by p times higher 
transmission line clock speed. 
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Background of the Invention 

(Field of the Invention) 

The present invention relates to a parallel code 
transmission method and an apparatus thereof, in 
particular, relates to a transmission line code pro- 
cessing method for transmitting signals between 
boards in a computer or a transmission processing 
unit or between two distant units. 

{Description of the Related Art) 

Conventionally, as computer techniques, sig- 
nals are exchanged between internal boards of a 
computer and between external units in parallel. 
These signals are transmitted with pair cables 
and/or coaxial cables. However, the pair cables and 
coaxial cables have limitations with respect to bit 
rate and distance. In addition, it is known that 
skewing involved in a parallel data transmission 
(deviation of relative delay between channels) be- 
comes a characteristic problem as the distance of 
the cables and the speed of data transmission 
increase. Thus, in consideration of the bandwidth 
and the transmission loss of the pair cables and 
coaxial cables, the maximum transmission bit rate 
and the maximum transmission distance thereof 
are at most of the orders of several 10 Mb/sec and 
10 m, respectively. In other words, the use of these 
cables has been limited to applications of short 
distance and low bit rates. In addition, since the 
size, thickness, and weight of these cables are not 
suitable for applications of long distance, there are 
many problems to solve. 

On the other hand, in recent years, as the 
processing speeds of the processors increase, 
those of computers proportionally increase. Thus, 
the processing speeds of signals exchanged be- 
tween internal boards of a computer and between 
external units increase. In addition, from a flexibility 
point of view of the unit layout, the transmission 
distance of signals is becoming longer. 

Moreover, with respect to transmission pro- 
cessing units which transmit these signals, the cur- 
rent mainstream of sound transmission services of 
the conventional public telephone networks is being 
replaced with broad-band integrated services digital 
networks (B-ISDN) which will provide full motion 
video transmission services requiring 1000 times 
wider transmission bandwidth. These B-ISDN tech- 
nologies have been intensively studied worldwide. 
In these developing technologies, demands of high 
processing speeds of signal interfaces between 
internal boards and between external units and 
long distant transmission are becoming strong year 
after the year. 



From the above-mentioned situation, in the 
field of computers and transmission processing 
units, there are demands for accomplishing inter- 
faces which can transmit a large number of high 

5 speed signals for a long distance without deteriora- 
tion of these signals. For these demands, optical 
parallel transmission techniques using optical fiber 
cables have been studied. 

As so-call optical parallel transmission codes 

70 for transmitting parallel codes in optical level, for 
example, 4B6B code is presented in "Fundamental 
Study of Optical Parallel Transmission System" 
Document No. 2408, 70-th Anniversary National 
Conference of Institute of Electronics, Information 

75 and Communication Engineers (1987). This docu- 
ment describes a transmission line coding tech- 
nique for encoding input data and transmitting the 
encoded data in parallel in optical level without a 
multiplexing process. In other words, this document 

20 does not mention techniques for simplifying the 
overall construction of the optical parallel link and 
for reducing the power consumption thereof. The 
simplification of the construction of the transmis- 
sion line coding processing portion and the reduc- 

25 tion of power consumption thereof are becoming 
important matters to solve in the conventional 
transmission systems as well as the optical parallel 
transmission system. 

Generally, in the coding format "m + f" of the 

30 parallel-serial transformation (where m is the num- 
ber of inputs, and f is "1" additional code), when 
codes are transformed with one parallel-serial 
transforming circuit, as the value m increases, the 
number of serial data increases. Thus, the trans- 

35 mission line speed increases. As a result, the cir- 
cuit cannot be accomplished easily. On the other 
hand, when the value m is small, since the trans- 
mission line speed rise ratio given by (m + 1) / m 
increases, the transmission efficiency decreases. 

40 Moreover, when codes are transformed with a plu- 
rality of parallel-serial transforming circuits, the val- 
ue m which is input to each parallel-serial trans- 
forming circuit decreases. Thus, the transmission 
line speed rise ratio given by (m + 1) / m in* 

45 creases. 

Summary of the Invention 

An object of the present invention is to provide 
so a transmission line code processing method and an 
apparatus thereof, for alleviating the restriction of 
parallel transmission line codes for use with 
parallel-serial transforming circuits, easily accom- 
plishing the circuits in the event that the input 
55 parallel degree is large, and suppressing the trans- 
mission line speed rise ratio as low as possible. 

To accomplish this object, the parallel code 
transmission apparatus according to the present 
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invention comprises a sending portion for transmit- 
ting parallel data of a plurality of channels as 
encoded data of a plurality of lines and a receiving 
portion for decoding parallel data of a plurality of 
lines from encoded data of the plurality of chan- 
nels, wherein the transmitting portion comprises a 
frequency multiplying circuit for multiplying the fre- 
quency of a clock so as to generate a multiplexing 
clock, a plurality of parallel-serial transforming cir- 
cuits for separating input signals composed of par- 
allel data of a plurality of channels and additional 
data for code transformation into a plurality of 
groups and for transforming the resultant parallel 
data into serial data with the multiplexing clock, 
and a first data substituting circuit for mutually 
substituting the resultant data of the plurality of 
channels of the plurality of parallel-serial transform- 
ing circuits in succession and for generating en- 
coded data containing the additional data of the 
plurality of lines, and wherein the receiving portion 
comprises a plurality of synchronizing circuits for 
synchronizing encoded data of the plurality of lines 
with the additional data, a second data substituting 
circuit for substituting the resultant encoded data of 
the plurality of lines in the reverse order of the 
transmitting portion and for removing the additional 
data from the resultant data, arranging the resultant 
data of each group in succession, a frequency 
dividing circuit for dividing the frequency of a trans- 
mission line clock and for generating an original 
clock, and a plurality of serial-parallel transforming 
circuits for transforming the output signals of each 
group into parallel data with the clock. 

Thus, the transmission line codes can be effec- 
tively transformed. The circuit scale and the power 
consumption can be decreased. In addition, the 
transmission line speed rise ratio can be de- 
creased. 

These and other objects, features and advan- 
tages of the present invention wilt become more 
apparent in light of the following detailed descrip- 
tion of a best mode embodiment thereof, as illus- 
trated in the accompanying drawings. 

Brief Description of Drawings 

Figure 1 is a block diagram showing the overall 
construction of a first embodiment of the present 
invention; 

Figure 2 is a block diagram showing the con- 
struction of a transmitting portion of a second 
embodiment of the present invention; 
Figure 3 is a schematic diagram describing a 
substituting process of multiplexed data in the 
second embodiment; 

Figure 4 is a block diagram showing the con- 
struction of a receiving portion of the second 
embodiment; 



Figure 5 is a block diagram showing the con- 
struction of a receiving portion of a third em- 
bodiment; 

Figure 6 is a block diagram describing a syn- 

5 chronizing circuit; 

Figure 7 is a time chart showing the operation of 
the synchronizing circuit; 
Figure 8 is a block diagram showing the con- 
struction of a transmitting portion of a fourth 

w embodiment; 

Figure 9 is a schematic diagram describing a 
multiplexing process and an encoding process 
of the fourth embodiment; 
Figure 10 is a block diagram showing the con- 

75 struction of a receiving portion of the fourth 
embodiment; 

Figure 11 is a block diagram showing the con- 
struction of a receiving portion of a fifth embodi- 
ment; 

20 Figure 12 is a block diagram describing a 
parallel-serial transforming circuit of a transmit- 
ting portion; 

Figure 13 is a time chart showing the operation 
of the parallel-serial transforming circuit of the 
25 transmitting portion; 

Figure 14 is a block diagram describing a serial- 
parallel transforming circuit of a receiving por- 
tion; 

Figure 15 is a time chart showing the operation 
30 of the serial-parallel transforming circuit of a 
receiving portion; 

Figure 16 shows the configuration of the send- 
ing equipment of the second embodiment; 
Figure 17 shows the configuration of the receiv- 
35 ing equipment of the second embodiment; 

Figure 18 shows another configuration sample of 
the receiving equipment of the second embodi- 
ment; 

Figure 19 shows the configuration of the send- 
40 ing equipment of the eighth embodiment; 

Figure 20 shows the configuration of the receiv- 
ing equipment of the eighth embodiment; and 
Figure 21 shows the configuration of the mul- 
tiplying circuit using a PLL loop. 

45 

Description of Preferred Embodiments 

Then, embodiments of the present inventions 
will be described with reference to the accompany- 
so ing drawings. 

Figure 1 is a block diagram showing the overall 
construction of a first embodiment. In the figure, 
reference numerals 1i to 1 N are parallel-serial 
transforming circuits (P/S). Reference numeral 2 is 
55 a frame information generating circuit. Reference 
numeral 3 is a clock frequency multiplying circuit. 
Reference numeral 4 is a data substituting circuit 
for substituting multiplexed data. Reference nu- 
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merals 5i to 5 N are eiectro-opto transforming cir- 
cuits (E/O). These parts construct a transmitting 
portion. Reference numerals 7i to 7 N are optical- 
electric transforming circuits (O/E). Reference nu- 
merals 8i to 8n are synchronizing circuits. Refer- 
ence numeral 9 is a clock frequency dividing cir- 
cuit. Reference numeral 10 is a data substituting 
circuit for substituting multiplexed data. Reference 
numerals 11 1 to 11 N are serial-parallel transforming 
circuits (S/P). These parts construct a receiving 
portion. 

In the transmitting portion, the plurality of 
parallel-serial transforming circuits 1i to 1 N trans- 
form parallel data 1 to p, p + 1 to 2p, ... , and p(q - 
1) to pq - 1, where a plurality of channels are 
separated into a plurality of groups, into multi- 
plexed data of serial signals. The frame generating 
circuit 2 generates frame information which repre- 
sents the position of a multiplexed frame. The 
clock frequency multiplying circuit 3 multiplies the 
frequency of the input clock by a predetermined 
number. 

Thus, in the transmitting portion, the multiplex- 
ing clock where the frequency of the input clock is 
multiplied by the predetermined number is gen- 
erated. 

The data substituting circuit 4 mutually sub- 
stitutes the transformed results of the plurality of 
parallel-serial transforming circuits 11 to 1N from 
time to time and generates encoded data of the 
plurality of lines, each of which contains frame 
information as additional data. The respective en- 
coded data are output to the plurality of electro- 
opto transforming circuits 5i to 5 N . The respective 
outputs of the electro-opto transforming circuits 5i 
to 5 N are sent to the optical fiber lines 61 to 6 N . 

In other words, in the transmitting portion, the 
input signals composed of parallel data of a plural- 
ity of channels and the additional data necessary 
for code transformation are separated into a plural- 
ity of groups. The parallel data is transformed into 
serial data by the multiplexing clock. The trans- 
formed results of the plurality of circuits are mutu- 
ally substituted from time to time. Thereafter, en- 
coded data of the plurality of circuits, each of 
which contains the additional data, are generated. 
Consequently, parallel data of the plurality of cir- 
cuits are transmitted as encoded data. 

On the other hand, in the receiving portion, the 
plurality of opto-electro transforming circuits 7i to 
7 N transform respective inputs of the optical fiber 
lines 61 to 6 N into electric signals. The plurality of 
synchronizing circuits 81 to 8n synchronize the 
received multiplexed data in accordance with the 
frame information being inserted. 

Thus, in the receiving portion, the encoded 
data of the plurality of circuits are synchronized by 
the additional data. 



The data substituting circuit 10 substitutes the 
encoded data of the plurality of lines in the reverse 
order of the transmitting portion. In addition, the 
substituting circuit 10 removes the frame informa- 

5 tion as the additional information and arranges the 
resultant data of the plurality of circuit from time to 
time. Thus, the arrangement of the original mul- 
tiplexed data is restored. 

As described above, in the receiving portion, 

70 the encoded data of the plurality of lines are substi- 
tuted in the reverse order of the transmitting por- 
tion. In addition, the additional data is removed 
from the substituted data. The resultant data f the 
plurality of lines are arranged from time to time. 

15 From he encoded data of the plurality of lines, 
parallel data of the plurality of channels are de- 
coded. 

The frequency dividing circuit 9 divides the 
frequency of the multiplexing clock obtained from 

20 the opto-electro transforming circuit 7 N by a pre- 
determined value and generates the original clock. 

As described above, in the receiving portion, 
the frequency of transmission line clock is divided 
by the predetermined number and thereby the 

25 original clock is generated. 

The plurality of serial-parallel transforming cir- 
cuits 111to 11N transform respective multiplexed 
data from the data substituting circuit 10 into par- 
allel data of 1 to p, p + 1 to 2p, ... , and p(q - 1) to 

30 pq - 1 by using the multiplexing clock and the 
clock from the frequency dividing circuit 9. 

As described above, in this embodiment, data 
is not encoded whenever multiplexed in all the 
transmission lines, but in one of them. Thus, when 

35 these data are transmitted in parallel, they are 
separated into multiplexed data and encoded data 
over the optical transmission lines. However, in this 
embodiment, since they are mutually substituted 
by the data substituting circuit, encoded data is 

40 always present once in a particular time period of 
each data transmission of each optical fiber line. 

Thus, even if the parallel degree of input sig- 
nals is large, the rise ratio of the transmission 
speed can be decreased to a smaller value. For 

45 example, although p : 1 parallel-serial transforming 
circuits shown in Figure 1 are used, data with the 
parallel degree of pq - 1 can be transmitted in 
parallel. In this case, the clock speed of the trans- 
mission line is suppressed to p times the speed of 

50 the original clock. 

To substitute multiplexed data in such a way 
that the above-mentioned encoded portion is al- 
ways present once in a particular time period of 
each data transmission, several techniques can be 

55 used. One of these techniques will be described as 
a second embodiment of the present invention. 

Figure 2A shows the construction of a transmit- 
ting portion of the second embodiment of the 
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present invention. Reference numerals 31a to 31c 
are parallel-serial transforming circuits. Reference 
numeral 32 is a 1/2 frequency dividing circuit. 
Reference numeral 33 is a clock frequency mul- 
tiplying circuit. Reference numeral 34 is a data 
substituting circuit for the transmitting portion. Ref- 
erence numerals 35a to 35c are electro-opto trans- 
forming circuits. Reference numerals 36a to 36c 
are optical fiber lines. 

Figure 3 describes a substituting technique of 
multiplexed data of the second embodiment shown 
in Figure 2A. 

The second embodiment represents the case 
where p = 3 and q = 4 in the first embodiment. 
Thus, in the second embodiment, the data input 
parallel degree is 11. 

The parallel-serial transforming circuit 31a 
transforms parallel data of data 1 to data 4 into 
serial data by using a clock and a 4 times fre- 
quency clock received from the frequency multiply- 
ing circuit 33. Thus, data of 1234-1, 1234-2, and 
1234-3 are generated. These data are substituted 
in the order of 1), 3), and 2) by the data substitut- 
ing circuit 34. The resultant data are sent to the 
electro-opto transforming circuits 35a, 35c, and 
35b. Likewise, the parallel-serial transforming cir- 
cuit 31b transforms parallel data of data 5 to data 8 
into serial data. As shown in the figure, data of 
5678-1, 5678-2, and 5678-3 are generated. These 
data are also substituted in the order of 2), 1), and 
3) by the data substituting circuit 34. The resultant 
data are sent to the electro-opto transforming cir- 
cuits 35b, 35a, and 35c. The parallel-serial trans- 
forming circuit 31c transforms parallel data of data 
9 to data 10 and a frame signal into serial data. 
Thus, as shown in the figure, data of 91011F-1, 
9101 1F-2, and 9101 1F-3 are generated. These data 
are also substituted in the order of 3), 2), and 1 ) by 
the data substituting circuit 24. The resultant data 
are sent to the electro-opto transforming circuits 
35c, 35b, and 35a. The electro-opto transforming 
circuits 35a, 35b, and 35c transform these electric 
signals into optical signals and send the resultant 
signals to the optical fiber lines 36a, 36b, and 36c, 
respectively. 

Figures 2B and C show the configuration of a 
data substituting circuit 34 for substituting mul- 
tiplexed data as described above. 

As shown in Figure 2C the substituting circuit 
34 comprises a 3x3 matrix switch 34-1 and a 
substituting control unit 34-2. The above described 
substituting control unit 34-2 comprises a 1/3 divid- 
ing circuit shown in Figures 2B and C. The 3/1 
dividing circuit comprises three DFFs 1, 2, and 3, 
and an OR gate. Each of the DFFs 1, 2, and 3 
divides a clock (for example, 100MHz) by 3, each 
division being performed by 1 clock delay, and 
outputs a signal comprising three phases shown in 



Figure 2B. Then, three types of timing signals are 
sequentially switched and outputted to the 3x3 
matrix switch 34-1 by the substituting control unit 
34-2. 

5 Multiplexed serial data are inputted from the 

parallel-serial converting circuits 31a, 31b, and 31c 
to the 3x3 matrix switch 34-1. The 3x3 matrix 
switch 34-1 outputs the data according to the three 
types of timing signals sequentially switched based 

70 on the above described clock and inputted. At the 
first timing, the data 1234-1 inputted from the 
parallel-serial converting circuit 31a are outputted 
to system 1, the data 5678-1 inputted from the 
parallel-serial converting circuit 31b are outputted 

75 to system 2, and the data 91011F-1 inputted from 
the parallel-serial converting circuit 31c are output- 
ted to system 3. At the second timing, the data 
1234-2 inputted from the parallel-serial converting 
circuit 31a are outputted to system 3, the data 

20 5678-2 inputted from the parallel-serial converting 
circuit 31 b are outputted to system 1 , and the data 
91011F-2 inputted from the parallel-serial convert- 
ing circuit 31c are outputted to system 2. At the 
third timing, the data 1234-3 inputted from the 

25 parallel-serial converting circuit 31a are outputted 
to system 2, the data 5678-3 inputted from the 
parallel-serial converting circuit 31b are outputted 
to system 3, and the data 91011F-3 inputted from 
the parallel-serial converting circuit 31c are output- 

30 ted to system 1. Thus, at each substitution timing 
in a cycle of three timings, the 3x3 matrix switch is 
switched to substitute data in three systems. 

Figure 4 shows the construction of a receiving 
portion of the second embodiment. Reference nu- 

35 merals 37a to 37c are opto-electro transforming 
circuits. Reference numerals 38a to 38c are syn- 
chronizing circuits. Reference numeral 39 is a high 
speed clock (multiplexing clock) frequency dividing 
circuit. Reference numeral 40 is a data substituting 

40 circuit for the receiving portion. Reference numer- 
als 41a to 41c are parallel-serial transforming cir- 
cuits. 

The opto-electro transforming circuits 37a to 
37c transform optical signals received from the 

45 optical fiber lines 36a to 36c into electric signals. 
The synchronizing circuits 38a to 38c synchronize 
these signals (multiplexed data) by using frame 
information (F) contained therein and output the 
resultant signals to the data substituting circuit 40. 

so The data substituting circuit 30 substitutes the re- 
ceived data in the reverse order of the data sub- 
stituting circuit shown in Figure 3. In addition, the 
data substituting circuit 30 removes the frame in- 
formation and reproduces parallel data of data 1 to 

55 data 4, data 5 to data 8, and data 9 to data 1 1 . 

Figure 5 shows an example of construction 
where data of one transmission line is synchro- 
nized and then data of other transmission lines are 
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synchronized therewith. The operation of this con- 
struction will be described as a third embodiment. 
In Figure 5, for simplicity, the same portions as 
Figure 4 use the same reference numerals thereof. 

In Figure 5, the synchronizing circuit 38b of the 
second transmission line and the third synchroniz- 
ing circuit 38c of the third transmission line syn- 
chronize the data of the respective circuits in ac- 
cordance with the synchronizing information de- 
tected by the synchronizing circuit 38a of the first 
transmission line. Except for this point, the opera- 
tion of the third embodiment is the same as that of 
the second embodiment shown in Figure 4. 

According to the third embodiment shown in 
Figure 5, the constructions of the synchronizing 
circuits 38b and 38c can be simplified. As a result, 
the overall circuit scale of the apparatus can be 
reduced. 

Next, the synchronizing circuits 38a - 38c will 
be described in detail. Figure 6 shows examples of 
multiple units as the basic construction of the syn- 
chronizing circuit. 

In the figure, reference numerals 61 to 6 N are 
transmission lines. Reference numeral 21 (81 ) is a 
first synchronizing circuit Reference numerals 22-1 
to 22-i (82 to 8 N ) are second synchronizing circuits. 
In this construction, the transmission line 61 is 
used as a reference line. A delay circuit 15 which 
provides a delay larger than the skew which takes 
place over the transmission line 61 is disposed 
thereon. 

The first synchronizing circuit 21 comprises a 
comparator 21a, a frame generator 21b, a phase 
shifter 21c, and a protecting circuit 21 d. On the 
other hand, each of the second synchronizing cir- 
cuits 22-1 to 22-i comprises a delay circuit 22a, a 
control circuit 22b, a comparator 22c, and a pro- 
tecting circuit 22d. Figure 6 shows only the second 
synchronizing circuit 22-1 disposed over the trans- 
mission line 62. Each construction of the second 
synchronizing circuits 22-3 to 22-N disposed over 
the transmission lines 63 to 6 N is the same as that 
of the second synchronizing circuit 22-2 disposed 
over the transmission line 62. 

Next, with reference to the timing chart of 
Figure 7, the operations of the first synchronizing 
circuit 21 and the second synchronizing circuit 22- 
1 will be described. First, a delay which is larger 
than the skew which likely takes place has been 
given to data of the reference line, that is, the 
transmission line 61 (hereinafter, this data is re- 
ferred to as reference data) by the delay circuit 15. 
Now, assume that data which are transmitted to the 
transmission lines 61 to 6 N are mB1F code. The 
mB1F code consists of data of m bits and frame 
information F (additional code) of 1 bit. 

Figure 7A shows reference data which has 
been delayed by the delay circuit 15. Figure 7B 



shows data transmitted over the transmission line 
62. Figure 7C shows data transmitted over the 
transmission line 6 N . All these data have different 
delays over respective transmission lines due to 

5 skew affects of different length of optical fiber lines 
and different refraction indexes thereof. 

Figure 7D shows a frame synchronous signal 
which is output from the frame generator 21b of the 
first synchronizing circuit 21. This frame synchro- 

io nous signal is sent to the second synchronizing 
circuits 22-1 to 22-i. 

In the second synchronizing circuits 22-1 to 22- 
i, the comparator 22c compares the frame synchro- 
nizing signal with the data received through the 

75 transmission lines 62 to 6n- Until the frame F of the 
data of the transmission lines 62 to 6 N accords with 
the frame synchronizing signal (see Figure 7D, E, 
and F), the control circuit 22b continues to activate 
the delay circuit 22a. Thus, the data received 

20 through the transmission line 62 (Figure 13B) is 
delayed by 7 bits and thereby data as shown in 
Figure 7E takes place. On the other hand, the data 
received through the transmission line 6 N (Figure 
7C) is delayed by 5 bits and thereby data as 

25 shown in Figure 7F takes place. 

As described above, by using the synchronous 
information of the reference data, when data other 
than the reference data are delayed by a predeter- 
mined number of bits (7 bits for the data of the 

30 transmission line 11 and 5 bits for the data of the 
transmission line 1 N ), the skew effects can be re- 
moved. Thus, the phases of frames of all data can 
be matched and data of all transmission lines can 
be synchronized. 

35 When multiplexed data is substituted with en- 

coded data, the positions of frame synchronizing 
signals deviate by a predetermined number of bits 
in the data substituting order in a predetermined 
time period from line to line. In this case, the 

40 controlling circuit 22b compensates these devi- 
ations and calculates the number of bits necessary 
for the delay. 

Next, another example of the construction for 
substituting multiplexed data will be described as a 

45 fourth embodiment. Figure 8 shows the construc- 
tion of a transmitting portion of the fourth embodi- 
ment. In this construction, when data is multiplex- 
ed, it is substituted. In Figure 8, for simplicity, the 
same portions as Figure 2 use the same reference 

50 numerals thereof. Reference numerals 35a to 35i 
are selecting circuits. Reference numeral 36 is a 
controlling circuit for controlling the selection of an 
input of each selecting circuit. 

Figure 9A and B describe a multiplexing pro- 

55 cess and an encoding process of the fourth em- 
bodiment shown in Figure 8. Like the case shown 
in Figure 3, since p = 3 and q = 4, the data input 
parallel degree is 1 1 . 
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In Figures 8 and 9A, the selecting circuits 45a 
to 45i separate data 1 to data 1 1 into a plurality of 
groups in different times 1 , 2, and 3 by the control- 
ling circuit 46 and substitute one data of a group 
which varies from time to time with additional data 
for code transformation. Thus, the low order data 
following the position of the additional data are 
successively shifted down. The resultant data is 
generated for each group. 

In Figures 8 and 9B, the plurality of parallel- 
serial transforming circuits 31a to 31c successively 
read data of the same group and transfer the 
resultant data as encoded data of the plurality of 
transmission lines to the fiber lines 1 to 3 in par- 
allel. Since the position in which the additional bit 
(frame information F) is inserted deviates from line 
to line as shown in Figure 9A and B, the encoded 
data shown in Figure 3 can be obtained. 

Figure 8B shows the configuration of the above 
described selecting circuit 55a. 

Signal F is inputted to one receiving terminal of 
the AND circuit 55a-1 in the selecting circuit 55a. 
To another receiving terminal, a selection signal is 
inputted from the controlling circuit 56 shown in 
Figure 8A. Signal 4 is inputted to one receiving 
terminal of another AND circuit 55a-2 in the select- 
ing circuit 55a, and to another receiving terminal, 
an inverted selection signal is inputted from the 
controlling circuit 56 shown in Figure 8A. The OR 
circuit 55a-3 receives the outputs from the above 
described AND circuits 55a-1 and 55a-2. 

Therefore, when the selection signal from the 
controlling circuit 56 shows "H" level, signal 4 is 
interrupted in the AND circuit 55a-2, and signal F is 
outputted to the selecting circuit 55a through the 
AND circuit 55a-1 and the OR circuit 55a-3. 

When the selection signal from the controlling 
circuit 56 shows "L" level, signal F is interrupted in 
the AND circuit 55a-1, and signal 4 is outputted to 
the selecting circuit 55a through the AND circuit 
55a-2 and the OR circuit 55a-3. 

The configuration of the selecting circuit 55a is 
the same as that in the selecting circuits 55b - 55i. 
Therefore, when signal F is selected by the select- 
ing circuit 55a, signals 4 - 11 are sequentially 
processed in the following selecting circuits (Figure 
8A). The controlling circuit 56 has two signal lines 
(not shown in Figure 8A), one of which is con- 
nected to the selecting circuits 55a - 55e, and the 
other of which is connected to the selecting circuits 
5e - 55i. When the selection signal in one signal 
line indicates "L" level and signal 4 is selected by 
the selecting circuit 55a, signal F is selected by the 
selecting circuit 55e if the selection signal of the 
other signal line indicates "H" level, and signal F is 
selected by the selecting circuit 55i if it indicates 
"L" level. 



Figure 10 shows the construction of a receiving 
portion in accordance with the transmitting portion 
shown in Figure 8. In this case, for simplicity, in 
Figure 10, the same portions as Figure 4 use the 

5 same reference numerals thereof. Reference nu- 
merals 47a to 47i are selecting circuits. Reference 
numeral 48 is a controlling circuit for controlling the 
selection of an input of each selecting circuit. 

The opto-electro transforming circuits 37a to 

w 37c transform optical signals from the optical fiber 
lines 36a to 36c into electric signals. The synchro- 
nizing circuits 38a to 38c synchronize these signals 
(multiplexed data) by using frame information (F) 
contained therein and output the resultant signals 

75 to the plurality of serial-parallel transforming cir- 
cuits 41a to 41c. The serial-parallel transforming 
circuits 41a to 41c successively transform the mul- 
tiplexed data received from the fiber lines into 
parallel data. The selecting circuits 47a to 47i per- 

20 form the reverse processes of the multiplexing 
process and the encoding process shown in Figure 
9 under the control of the controlling circuit 48. In 
other words, the selecting circuits 47a to 47i re- 
move the additional data from the parallel data of 

25 the same group and shift up the low order data. 
Thus, parallel data of data 1 to data 4, data 5 to 
data 8, and data 9 to data 11 are generated. 

Moreover, as a fifth embodiment of the present 
invention, the following construction is available. 

30 Instead of extracting the clock from the receiving 
portion as described in the fourth embodiment 
shown in Figure 10, the clock signal is transmitted 
over an optical fiber line 36d as shown in Figure 
1 1 . The clock signal can be used in the decoding 

35 portion of the receiving portion. This construction 
can be applied to the second embodiment shown 
in Figure 4 and the third embodiment shown in 
Figure 5. 

Thus, since the clock extracting circuit can be 
40 omitted in the receiving portion, the circuit scale of 
the apparatus can be reduced. 

In addition, when information necessary for de- 
tecting the position of the additional bit (frame 
information F) is transmitted over another line, the 
45 synchronizing process for signals of each transmis- 
sion line can be omitted in the receiving portion. In 
this construction, since the synchronizing circuits 
can be also omitted, the circuit scale of the appara- 
tus can be further reduced. In addition, since the 
so time necessary for the synchronizing process is not 
necessary, the process speed can be further im- 
proved. 

Next, the construction and the basic operation 
of the parallel-serial transforming circuits which 
55 perform both the multiplexing process and the en- 
coding process in the transmitting portion will be 
described as the sixth embodiment. A parallel- 
serial transforming circuit of the transmitting portion 
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is shown in Figure 12. The operational time chart of 
the parallel-serial transforming circuit 1 is shown in 
Figure 13. In these figures, input data is parallel 
data of m ( = p) bits. 

Figure 1 2 shows the constructions of the 
parallel-serial transforming circuit 1, the frame in- 
formation generating portion 2, the clock frequency 
multiplying circuit 3, and the data substituting cir- 
cuit 4. 

With reference to the timing chart shown in 
Figure 13A to E, the operation of the transmitting 
portion will be described. First, data of m bits, 

which are data 1, data 2 and data m, shown in 

Figure 13A are input to the parallel-serial trans- 
forming circuit 1. In addition, frame information F 
where the frequency of a clock C is divided by 2 
as shown in Figure 13B is sent from the frame 
information generating portion 2 to the parallel- 
serial transforming circuit 1. Thus, a total of m + 1 
bits of data, which are data 1, data 2, ... , data m, 
and additional code of frame information F, are 
input to the parallel-serial transforming circuit. 

On the other hand, the frequency multiplying 
circuit 3 supplies a multiplexing clock C where the 
frequency of the clock C is multiplied by (m + 1) 
as shown in Figure 13D to the parallel-serial trans- 
forming circuit 1 as a transmission line clock shown 
in Figure 13D. With the transmission line clock [x 
(m + 1)], the parallel-serial transforming circuit 1 
outputs serial data where data 1, data 2, ... , data 
m, and additional code F are multiplexed as shown 
in Figure 13E. 

As described above, by multiplexing input data 
along with a signal newly inserted (additional 
code), the multiplexing process and the encoding 
process can be performed at a time. 

Next, the construction and the basic operation 
of the serial-parallel transforming circuits of the 
receiving portion of the sixth embodiment will be 
described. Figure 14 shows its configuration, and 
Figure 1 5 shows the operational time chart thereof. 

Figure 14 shows the constructions of the op- 
tical fiber line 6, the opto-electro transforming cir- 
cuit 7, the synchronizing circuit 8, the frequency 
dividing circuit 9, and the serial-parallel transform- 
ing circuit 11. 

Next, the operation of the receiving portion in 
this construction will be described with reference to 
the timing chart shown in Figure 15A to 15D. First, 
the opto-electro transforming circuit 7 transforms a 
multiplexed signal received through the optical fi- 
ber line 6 into an electric signal and outputs the 
resultant signal as multiplexed serial data as shown 
in Figure 15A. In addition, the opto-electro trans- 
forming circuit 7 transforms the transmission line 
clock where the frequency of the original clock is 
multiplied by (m + 1) into an electric signal and 
outputs the resultant signal as a multiplexing clock 



as shown in Figure 15B. 

The synchronizing circuit 8 extracts the posi- 
tion information of additional code in the serial 
data, that is, the frame information F and outputs 

5 this information to the frequency dividing circuit 9. 
The frequency dividing circuit 9 divides the fre- 
quency of the multiplexing clock by (m + 1) and 
reproduces the original clock C corresponding to 
the input data 1 to input data m. With respect to 

w the multiplexed serial data, the output phase of the 
reproduced clock C shown in Figure 15C is deter- 
mined with the frame information F detected by the 
synchronizing circuit 8. The serial-parallel trans- 
forming circuit 1 1 removes the additional code data 

75 from the serial data and outputs parallel data of 
data 1 to data m. 

As described above, in the transmitting portion, 
data is encoded by inserting (adding) the frame 
signal. In the receiving portion, the data is decoded 

20 by removing the frame signal. With the original 
clock, the output serial signal of each transmission 
line is transformed into parallel data. 

The above described sixth embodiment refers 
to one optical fiber of a transmission line. The 

25 transmission line of n optical fibers (n indicates a 
positive integer) is described as the seventh em- 
bodiment (that is, a parallel transmission at an 
optical level). In this case, the sending equipment 
is configured as shown in Figure 16. That is, the 

30 NOT circuit shown in Figure 2 is used instead of 
the frame generating circuit 2, and the P/S trans- 
forming circuit is provided with the electro-optical 
transforming circuit and the optical fibers such that 
they are configured as the NOT circuit 23i - 23 n , 

35 the P/S converting circuit 24i - 24 n , the transform- 
ing circuit 31 1 - 31 n , and the optical fiber 33i - 33 n 
each being provided in n units in parallel. The 
multiplying circuit 3 shown in Figure 12 is shared 
in the configuration. 

40 The receiving equipment corresponding to the 

above described sending equipment is configured 
as shown in Figures 17 and 18. 

In the configuration shown in Figure 17, the 
electro opto transforming circuit 72i - 72 n are pro- 

45 vided corresponding to the optical fiber 73i - 73 n . 
Similarly, the synchronizing circuit 67i - 67 n , the 
divider 68i - 68n, and the S/P converting circuit 69i 
- 29 n are provided in the configuration. That is, in 
the configuration shown in Figure 17, the receiving 

so equipment comprising one optical fiber 73 is in- 
creased to n units and arranged in parallel. In this 
case, since the final data must be outputted as 
synchronizing with the same clock, the latch circuit 
34 is provided at the output side of each of the S/P 

55 converting circuits 69i - 69 n . 

The signs in the transmission line are pro- 
cessed in the above described configuration of the 
sending and receiving equipments in the same 
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operation, but in n units in parallel. 

The configuration of the receiving equipment 
shown in Figure 18 is different from that shown in 
Figure 8 in that it shares the divider 28 and the 
synchronizing circuit 27. As described above, the 
synchronizing circuit 27 detects the relative posi- 
tion of other data by locating a complementary sign 
in the multiplexed data, and transmits the detection 
result to the divider 28. In this embodiment, the 
data from other optical fibers 33i - 33 n are syn- 
chronized and S/P converted according to the syn- 
chronization result obtained by converting the data 
transmitted through the optical fiber 33 n to an elec- 
tric signal by the electro opto transforming circuit 
32 n and the extracted clock. Therefore, in this case, 
the latch circuit 34 shown in Figure 8 is not re- 
quired. 

It should be appreciated that although the par- 
allel transmission system and the apparatus of the 
present invention are especially suitable for the 
high speed parallel transmission using opto-elec- 
tronic technologies, the present invention can be 
applied to other applications. 

Although the present invention has been shown 
and described with respect to a best mode em- 
bodiment thereof, it should be understood by those 
skilled in the art that the foregoing and various 
other changes, omissions, and additions in the form 
and detail thereof may be made therein without 
departing form the spirit and scope of the present 
invention. 

Next, the eighth embodiment is explained be- 
low. The explanation up to the seventh embodi- 
ment describes how to realize the synchronization 
of data frames in the synchronous circuit provided 
in the receiving unit. However, as for the parallel 
transmission at an optical level, a frame signal itself 
can be transmitted through optical fibers. The nec- 
essary configurations of the sending and the re- 
ceiving equipments are shown in Figures 19 and 
20 respectively. 

In the eighth embodiment, frame information is 
sent through optical fibers from a sending equip- 
ment, thereby requiring no synchronous circuits for 
synchronizing frames in a receiving equipment. As 
shown in Figure 19, the sending equipment com- 
prises n sending units as in the seventh embodi- 
ment, that is, n NOT circuits 23i - 23 n , n P/S 
converting circuits 24 t - 24 n , n electro-opto trans- 
forming circuit 31 1 - 31 n , and a shared multiplying 
circuit 25. Additionally, the eighth embodiment 
comprises an electro-opto transforming circuit 35 
for converting frame information to an optical sig- 
nal, and an optical fiber 36 for transmitting to the 
receiving equipment the frame information con- 
verted to the optical signal. 

The receiving equipment comprises n electro 
opto transforming circuit 32i - 32 n , n S/P convert- 



ing circuit 29i - 29 n , and an electro opto transform- 
ing circuit 37 for converting the frame information 
received from the above described sending equip- 
ment to an electric signal. 

5 Thus, by sending frame information from the 

sending equipment, the receiving equipment re- 
quires no synchronization restoring time taken for 
synchronizing frames can be reduced to zero. 
In the present embodiment, a transmission 

w code can be an mB1C (m bit + one complemen- 
tary code), an mB1F (m bit + one frame signal), or 
an mB1P code having a parity signal P for a signal 
1 - m. That is, the code can comprise m bits and 
additional 1 bit to form a transmission code applied 

15 to the present invention. Besides, m bits and addi- 
tional n bits (n indicates a positive integer larger 
than 1) instead of m bits and additional 1 bit can 
be applied to the present embodiment as long as 
the frequency of the multiplexed clock equals the 

20 value obtained by multiplying the value of the input 
data clock by "m + n". 

Furthermore, a transmission line clock in accor- 
dance with the frequency and phase of an input 
clock can be obtained for the purpose of improved 

25 stability by replacing a multiplying circuit for ob- 
taining a multiple of a transmission line clock ac- 
cording to an input data clock with a PLL loop 
(phase synchronous loop). Figure 21 shows the 
configuration of the multiplying circuit. In Figure 21, 

30 41 is a phase comparing circuit, 42 is a voltage 
control oscillator, and 43 is a l/(m + l) divider. In 
the configuration, a transmission line code is in- 
serted as an additional bit for every m-th bit. 

Reference signs in the claims are intended for 

35 better understanding and shall not limit the scope. 

Claims 

1. A parallel transmission method, comprising a 
40 submethod of transmitting portion for transmit- 

ting parallel data of a plurality of channels as 
encoded data of a plurality of lines and a 
submethod of receiving portion for decoding 
parallel data of a plurality of lines from en- 
45 coded data of said plurality of channels, 

said submethod of transmitting portion 
comprising the steps of: 

multiplying the frequency of a clock by a 
predetermined number so as to generate a 
50 multiplexing clock; 

separating input signals composed of par- 
allel data of a plurality of channels and addi- 
tional data for code transformation into a plu- 
rality of groups; 
55 transforming parallel data into serial data 

with said multiplexing clock; 

mutually substituting the resultant data of 
said plurality of channels from time to time; 
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and 

generating encoded data containing said 
additional data of said plurality of lines; and 

said submethod of receiving portion com- 
prising the steps of: 5 

synchronizing encoded data of said plural- 
ity of lines with said additional data; 

substituting the resultant data of said plu- 
rality of lines in the inverse order of said trans- 
mitting portion; io 

removing said additional data from said 
resultant data; 

successively arranging the resultant data 
of each group; 

dividing the frequency of a transmission 15 
clock by a predetermined number so as to 
generate an original clock; and 

transforming serial data of each group into 
parallel data. 

20 

2. A parallel transmission method, comprising a 
submethod of transmitting portion for transmit- 
ting parallel data of a plurality of channels as 
encoded data of a plurality of lines and a 
submethod of receiving portion for decoding 25 
parallel data of a plurality of lines from en- 
coded data of said plurality of channels, 

said submethod of transmitting portion 
comprising the steps of: 

separating parallel data of a plurality of 30 
channels into a plurality of groups; 

substituting one data of each group with 
additional data for code transformation; 

shifting down low order data following said 
additional data 35 
so as to generate a plurality of data set in 
succession; 

multiplying the frequency of a clock by a 
predetermined number so as to generate a 
multiplexing clock; and 40 

transforming serial data of the same group 
of said plurality of data sets into serial data 
with said multiplexing clock in succession; and 

said submethod of receiving portion, com- 
prising the steps of: 45 

synchronizing encoded data of said plural- 
ity of lines with said additional data; 

dividing the frequency of a transmission 
line clock by a predetermined number so as to 
generate an original clock; so 

transforming the resultant serial data of 
said plurality of lines into parallel data; 

removing said additional data from said 
parallel data of the same group of each chan- 
nel; and 55 

shifting up said low order data. 



3. A parallel transmission apparatus, comprising a 
transmitting portion for transmitting parallel 
data of a plurality of channels as encoded data 
of a plurality of lines and a receiving portion for 
decoding parallel data of a plurality of lines 
from encoded data of said plurality of chan- 
nels, 

wherein said transmitting portion com- 
prises: 

a frequency multiplying circuit (3) for mul- 
tiplying the frequency of a clock so as to 
generate a multiplexing clock; 

a plurality of parallel-serial transforming 
circuits (1i to 1 N ) for separating input signals 
composed of parallel data of a plurality of 
channels and additional data for code trans- 
formation into a plurality of groups and for 
transforming the resultant parallel data into 
serial data with said multiplexing clock; and 

a first data substituting circuit (4) for mutu- 
ally substituting the resultant data of said plu- 
rality of channels of said plurality of parallel- 
serial transforming circuits (1 1 to 1 N ) in succes- 
sion and for generating encoded data contain- 
ing said additional data of said plurality of 
lines; and 

wherein said receiving portion comprises: 

a plurality of synchronizing circuits (81 to 
8n) for synchronizing encoded data of said 
plurality of lines with said additional data; 

a second data substituting circuit (10) for 
substituting the resultant encoded data of said 
plurality of lines in the reverse order of said 
transmitting portion and for removing said ad- 
ditional data from the resultant data; 

arranging the resultant data of each group 
in succession; 

a frequency dividing circuit (9) for dividing 
the frequency of a transmission line clock and 
for generating an original clock; and 

a plurality of serial-parallel transforming 
circuits (1 1 1 to 11 N ) for transforming the output 
signals of each group into parallel data with 
said clock. 

4. The parallel transmission apparatus as set 
forth in claim 3, wherein the clock of said 
receiving portion is transmitted in parallel from 
said transmitting portion over a different line 
from that for code transmission lines. 

5. The parallel transmission apparatus as set 
forth in claim 3, wherein position information of 
said additional data is transmitted from said 
transmitting portion over a different line from 
that for code transmission lines. 
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6. A parallel transmission apparatus, comprising a 
transmitting portion for transmitting parallel 
data of a plurality of channels as encoded data 
of a plurality of lines and a receiving portion for 
decoding parallel data of a plurality of channels 5 
from encoded data of said plurality of chan- 
nels, 

wherein said transmitting portion com- 
prises: 

a plurality of first selecting circuits (45a to w 
45i) for separating parallel data of a plurality of 
channels into a plurality of groups, for sub- 
stituting one data of each group with additional 
data for code transformation, and for succes- 
sively shifting down low order data following 75 
said additional data so as to generate a plural- 
ity of data sets; 

a frequency multiplying circuit (33) for 
multiplying the frequency of a clock so as to 
generate a multiplexing clock; and 20 

a plurality of parallel-serial transforming 
circuits (31a to 31c) for transforming parallel 
data of the same group of said plurality of data 
sets into serial data with said multiplexing 
clock in succession; and 25 

wherein said receiving portion comprises: 

a plurality of synchronizing circuits (38a to 
38c) for synchronizing encoded data of said 
plurality of lines with said additional data; 

a frequency dividing circuit (39) for divid- 30 
ing the frequency of a transmission line clock 
by a predetermined number so as to generate 
an original clock; 

a plurality of serial-parallel transforming 
circuits (41a to 41c) for the resultant serial data 35 
of said plurality of lines into parallel data; and 

a plurality of second selecting circuits (47a 
to 47i) for removing said additional data from 
the resultant data of the same group of each 
line and for shifting up the low order data 40 
following said additional data. 

7. The parallel transmission apparatus as set 
forth in claim 6, wherein the clock of said 
receiving portion is transmitted from said trans- 45 
mitting portion over a line different from that 

for code transmission lines. 

8. The parallel transmission apparatus as set 
forth in claim 6, wherein position information of 50 
said additional data is transmitted from said 
transmitting portion over a line different from 

that for code transmission lines. 



according to said multiplexed clock a parallel- 
serial conversion on a signal comprising input- 
ted parallel data and additional data for a code- 
conversion, and 

a receiving equipment decodes said par- 
allel data from said received encoded data by 
generating an original clock by dividing the 
multiplexed clock in the transmission line, and 
by removing said additional data in said en- 
coded data according to said generated clock. 

10. A parallel transmission method, wherein 

a sending equipment transmits plural 
groups of parallel data as plural types of en- 
coded data by dividing said plural groups of 
parallel data into plural groups of data each 
group comprising m data, generating a mul- 
tiplexed clock by multiplying an original clock 
by m + 1, and by adding according to said 
multiplexed clock additional data for a code- 
conversion for each group, and 

a receiving equipment decodes plural 
groups of parallel data from plural types of 
said transmitted encoded data by synchroniz- 
ing said plural types of encoded data accord- 
ing to said additional data, generating an origi- 
nal clock by dividing a clock in the transmis- 
sion line, performing a serial-parallel conver- 
sion on plural types of said synchronized en- 
coded data according to said clock, and re- 
moving additional data from plural types of 
outputted parallel data. 

11. A transmission line encoding method accord- 
ing to Claim 10, wherein 

a frame signal is transmitted from a send- 
ing equipment through a transmission line, and 

a receiving equipment receives said frame 
signal, applies it to said serial-parallel convert- 
ing circuits (29i - 29 n ) in each receiving unit, 
and demultiplexes and decodes a multiplexed 
and encoded input signal according to said 
frame signal. 

12. A transmission line encoding method accord- 
ing to Claim 10, wherein 

an oscillator comprising a phase synchro- 
nous loop is used in said sending equipment 
as means for generating a transmission-line 
clock by multiplying a clock of an input signal 
by an integer n. 



9. A parallel data transmission method, wherein 55 
a sending equipment transmits parallel 
data as encoded data by multiplying a clock to 
generate a multiplexed clock and performing 
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